Exploiting the slitless spectroscopy taken as part of the Grism Lens-Amplified Survey from Space (GLASS), we present an extended analysis of the spatial distribution of star formation in 76 galaxies in 10 clusters at 0.3< z <0.7. We use 85 foreground and background galaxies in the same redshift range as a field sample. The samples are well matched in stellar mass (10 8 -10 11 M ) and star formation rate (0.5-50 M yr −1 ). We visually classify galaxies in terms of broad-band morphology, Hα morphology and likely physical process acting on the galaxy. Most Hα emitters have a spiral morphology (41±8% in clusters, 51±8% in the field), followed by mergers/interactions (28±8%, 31±7%, respectively) and early-type galaxies (remarkably as high as 29±8 in clusters and 15±6% in the field). A diversity of Hα morphologies is detected, suggesting a diversity of physical processes. In clusters, 30±8% of the galaxies present a regular morphology, mostly consistent with star formation diffused uniformly across the stellar population (mostly in the disk component, when present). The second most common morphology (28±8%) is asymmetric/jellyfish, consistent with ram pressure stripping or other non-gravitational processes in 18±8% of the cases. Ram pressure stripping appears significantly less prominent in the field (2±2%), where the most common morphology/mechanism appears to be consistent with minor gas rich mergers or clump accretion. This work demonstrates that while environment specific mechanisms affect galaxy evolution at this redshift, they are diverse and their effects subtle. A full understanding of this complexity requires larger samples and detailed and spatially resolved physical models.
INTRODUCTION
Over the last four decades, several studies have shown that galaxy properties correlate with their environment, and these correlations vary as a function of redshfit (e.g. Butcher & Oemler 1984; Dressler 1980; Dressler et al. 1997; Poggianti et al. 1999; Ellis et al. 1997; Lewis et al. 2002; Treu et al. 2003; Gómez et al. 2003; Goto et al. 2003; Postman et al. 2005; Kauffmann et al. 2004; Grützbauch et al. 2011) . The discovery of these correlations raised a fundamental question that remains at center stage to this date. How much is galaxy evolution driven by internal processes as opposed to collective phenomena found only in specific environments? This question has sometimes been phrased in terms of nature vs nurture, even though the distinction is not clear cut: today's clusters correspond to some of the most overdense regions in the early universe and therefore we expect their evolution to be accelerated with respect to average or underdense region, even if cluster-specific mechanisms were not at all relevant (Dressler 1980; Abramson et al. 2016; Lilly & Carollo 2016; Morishita et al. 2016) . Thus, one of the key challenges consists of finding observational signatures that uniquely point to cluster specific mechanism and then characterize their overall importance.
For example, the fraction of star forming galaxies has been found to significantly decrease going from the dense cluster centers to the field. In clusters at 0< z <0.1 the star formation rate (SFR) in star forming galaxies also declines with decreasing radius (von der Linden et al. 2010; Paccagnella et al. 2016) , as would be expected if cluster-specific environmental processes act to impede star formation. However, there is no consensus between the relative importance of the specific mechanisms at play. It is not even clear whether star formation is actively quenched by the cluster environment or whether it occurs prior to the galaxy entering the cluster sphere of influence. For example, Lewis et al. (2002) found that the fraction of star forming galaxies strongly decreases with declining radius, but, the same correlation holds for galaxies more than two virial radii from the cluster center. They concluded that this rules out cluster specific processes being solely responsible for the declining fraction of starforming galaxies towards smaller radii. However, e.g. Haines et al. (2013) showed a lack of environmental dependence of the SFR-Mass relation out to z∼ 1 − 2. Haines et al. (2013) also found that the SFRs of the galaxies in the infall regions are indistinguishable from those in the field. They argue that the processes which suppress the star formation within infalling galaxies must be related to processes occurring within the cluster, likely due to interactions with the intra-cluster medium (ICM). Muzzin et al. (2012) also argue that the lack of strong correlation of the properties of star-forming and quiescent galaxies with their environment can be understood if the environmental-quenching timescale is rapid, and that the evolution of the internal-quenching and environmentalquenching rates mirrors each other, regardless of which processes dominate the overall quenching process.
We note that while many studies have so far been mostly confined to field versus clusters, intermediate environments such as galaxy groups, outskirts of clusters and filaments are equally important to shed light on the processes inducing galaxy transformations (e.g., see Kodama et al. 2001; Porter & Raychaudhury 2007; Porter et al. 2008; Sobral et al. 2011; Coppin et al. 2012; Darvish et al. 2014) .
The picture is further complicated by the diversity of physical processes that might transform the morphology and star formation properties of galaxies. Internal feedback, likely driven by either supernovae or active galactic nucleus (AGN), and/or low escape velocities might be the responsible for outflows from both star formation and AGN activity to be much more efficient and induce faster transformations (see, e.g., McGee, Bower & Balogh 2014; Sobral et al. 2015) . At the same time, many external physical mechanisms can take place. Gravitational effects can distort a galaxy and tear away stars and gas (Bekki 1999) . Rapid and frequent galaxygalaxy encounters induce gravitational perturbations which can greatly affect the stellar and gas components of cluster galaxies (Moore et al. 1996) . Gas falling onto a cluster is heated by shocks leading to a hot, diffuse ICM which permeates the space between the galaxies in clusters. In turn, the ICM can impact the gas within a galaxy by either compressing it, leading to triggered star formation (Bekki & Couch 2003; Stroe et al. 2014 Stroe et al. , 2015 , or by removing the galaxy gas which is required to fuel star formation and thus quenching star formation. The high speed relative motion between the galaxy and ICM can induce ram-pressure stripping (Gunn & Gott 1972) .
Although all these process are observed to be at work at some level, a number of studies have shown that their overall effects are subtle. Controlling for a galaxy stellar mass and color, environmental differences are small and difficult to detect even in the best spatially unresolved data (Morishita et al. 2016) .
Spatially resolved data, preferably spectroscopic, is necessary to make progress, since each process is expected to leave some signature on the spatial distribution of star formation within a galaxy. Broadly speaking, ram pressure is expected to partially or completely strip layers of gas from a galaxy, leaving a recognizable pattern of star formation with truncated disks smaller than the undisturbed stellar disk (e.g., Yagi et al. 2015) . The morphology of the gas should also reflect the motion of the galaxy through the ICM. Strangulation, which is the removal of the hot gas halo surrounding the galaxy either via hydrodynamical or tidal effects (Larson, Tinsley & Caldwell 1980 ; Balogh, Navarro & Morris 2000), should deprive the galaxy of its outer gas reservoir but have a much gentler effect on the deeply embedded interstellar medium (ISM) and diffuse star formation. Wet major and minor mergers, cold gas accretion and harassment should also leave relatively significant signatures in the gas dynamics (Moore et al. 1996) .
Recent progress in hydrodynamical numerical simulations (e.g. FIRE, Hopkins et al. 2014) that are starting to resolve individual star forming regions within galaxies suggests that in the near future it will be possible to go beyond these qualitative statements to full quantitive characterizations of the signatures of these processes.
The most commonly adopted tracer of instantaneous star formation is the Hα line emission as it scales with the quantity of ionizing photons produced by hot young stars (Kennicutt 1998 ). In the local universe, a number of studies have focused on the analysis of the Hα spatial distribution of a limited number of systems in clusters clearly presenting signs of stripping (e.g., Merluzzi et al. 2013; Fumagalli et al. 2014; Fossati et al. 2016; Merluzzi et al. 2016, Poggianti et al. in prep.) While several spatially resolved studies of Hα have been conducted beyond the local universe from the ground (e.g. Yang et al. 2008; Gonçalves et al. 2010; Sobral et al. 2013; Swinbank et al. 2012; Wisnioski et al. 2015; Stott et al. 2016) , very few studies have been conducted at z = 0 − 1 from space (e.g., Atek et al. 2010; Straughn et al. 2011; Livermore et al. 2012) . Spatially resolved star formation maps at z ∼1 have been obtained for field galaxies using both the Advanced Camera for Surveys (ACS) I band and the G141 grism on the Wide-Field Camera 3 (WFC3) on board the Hubble Space Telescope (HST) as part of the 3D-HST Survey (van Dokkum et al. 2011; Brammer et al. 2012; Schmidt et al. 2013; Momcheva et al. 2015) . Nelson et al. (2012 Nelson et al. ( , 2013 ; Nelson et al. (2015) mapped the Hα and stellar continuum with high resolution showing that star formation broadly follows the rest-frame optical light, but is slightly more extended. By stacking galaxies in bins of stellar mass, they found that star formation has to occur in approximately exponential distributions on average and is enhanced at all radii above the star formation main sequence (SFMS, Noeske et al. 2007 ) and suppressed at all radii below the SFMS. Wuyts et al. (2012 Wuyts et al. ( , 2013 characterized the resolved stellar populations with multi-wavelength broadband imaging from CANDELS (Postman et al. 2012) and Hα surface brightness profiles from 3D-HST (Brammer et al. 2012) at z = 0.7 − 1.5 at the same kiloparsec resolution. They found that Hα morphologies resemble more closely those observed in the ACS F814W band than in the WFC3/F160W band, especially for the larger systems. In addition, they showed how the rate of ongoing star formation per unit area tracks the amount of stellar mass assembled over the same area. Off-center clumps are characterized by enhanced Hα equivalent widths, bluer broad-band colors, and correspondingly higher specific SFRs than the underlying disk, suggesting that the ACS clump selection preferentially picks up those regions of elevated star formation activity that are the least obscured by dust.
In this paper, we exploit the unprecedented depth and angular resolution of WFC3 G102 grism dataset obtained as part of the Grism Lens-Amplified Survey from Space (GLASS; GO-13459; PI: Treu, 1 Schmidt et al. 2014; Treu et al. 2015 ) to carry out a large and detailed study of the Hα morphology in clusters and field galaxies at 0.3 < z < 0.7. Building on the techniques developed in our pilot study (Vulcani et al. 2015) , we increase the sample size from 25 and 17 to 76 and 85 galaxies in the clusters and the field, respectively. We define and apply a new morphological classification scheme for Hα emission to this full statistical sample with the goal of identifying potential signatures of the underlying physical processes and assess their frequency across environments, and across the SFR-mass plane.
In a companion paper (Vulcani et al. 2016, submitted;  hereafter Paper VIII), we investigate trends with cluster properties, such as the hot gas density as traced by the X-ray emission, the total surface mass density as inferred from gravitational lens models, and the local number density, to inspect whether local cluster conditions have an impact on the extent and location of the star formation.
The paper is structured as follows. §2 introduces the dataset, along with the data reduction and the redshift determinations. §3 describes the sample and how galaxy properties have been determined. §4 presents our results, mainly focussing on the morphology of Hα emitters at different wavelengths and on the physical processes that are likely to have induced these morphologies. We also quantify the position and extension of the Hα emission within the galaxies and characterize the SFR-mass relation for the different types of Hα emitters. Focusing on spirals, we test the hypothesis that star formation is mainly occurring in the disk. In §5 we discuss our results and conclude.
Throughout the paper, we assume H 0 = 70 km s −1 Mpc −1 , Ω 0 = 0.3, and Ω Λ = 0.7. The adopted initial mass function (IMF) is that of Chabrier (2003) in the mass range 0.1-100 M .
THE GRISM LENS-AMPLIFIED SURVEY FROM SPACE DATA SET
GLASS is a 140 orbit slitless spectroscopic survey conducted with HST in cycle 21. It has observed the cores of 10 massive galaxy clusters with the WFC3 NIR grisms G102 and G141 providing an uninterrupted wavelength coverage from 0.8µm to 1.7µm. The 10 clusters are listed in Table 1 . Observations for GLASS were completed in January 2015, and the first public data release was completed in March 2016. Prior to each grism exposure, imaging through either F105W or F140W was obtained to assist the extraction of the spectra and the modeling of contamination from nearby objects on the sky. The total exposure time per cluster was 10 orbits in G102 (with either F105W or F140W) and 4 orbits in G141 with F140W. Each cluster was observed at two position angles (PAs) approximately 90 degrees apart to facilitate clean extraction of the spectra for objects in crowded cluster fields. 6 GLASS clusters are imaged by the Hubble Frontier Fields (HFF; P.I. Lotz, Lotz et al. 2016 ) and 8 by the Cluster Lensing And Supernova survey with Hubble (CLASH; P.I. Postman, Postman et al. 2012) , providing excellent multiband data.
Data reduction
The GLASS observations follow the updated version of the 3D-HST reduction pipeline 2 described by Brammer et al. (2012) ; Momcheva et al. (2015) . The updated pipeline combines the individual exposures into mosaics by interlacing them.
Each exposure was interlaced to a final G102 (G141) grism mosaic. Before sky-subtraction and interlacing, each individual exposure was checked and corrected for elevated backgrounds due to the He Earth-glow described by Brammer et (2014) . From the final mosaics, the spectra of individual objects are extracted by predicting the position and extent of each two-dimensional spectrum based on the SExtractor (Bertin & Arnouts 1996) segmentation map combined with deep mosaic of the direct NIR GLASS and CLASH images. As this is done for each object, the contamination, i.e., the dispersed light from neighboring objects in the direct image field-of-view, can be estimated and accounted for. Full details on the observations and data reduction are given in Treu et al. (2015) , while a complete description of the 3D-HST pipeline, spectral extractions, and spectral fitting, is provided by Momcheva et al. (2015) .
The spectra analyzed in this study were all visually inspected with the publicly available GLASS inspection GUI, GiG 3 (Treu et al. 2015) , to identify and flag systematic errors in the contamination model, assess the degree of contamination in the spectra, and identify strong emission lines and the presence of a continuum.
Redshift determinations
To determine redshifts, templates were compared to each of the four available grism spectra independently (G102 and G141 at two PAs each) to compute a posterior distribution function for the redshift. If available, photometric redshift distributions were used as input priors to the grism fits to reduce computational time. Then, with the help of the publicly available GLASS inspection GUI for redshifts (GiGz, Treu et al. 2015) , we flagged which grism fits are reliable or alternatively entered a redshift by hand if the redshift was misidentified by the automatic procedure. Using GiGz we assigned a quality Q z to the redshift (4=secure; 3=probable; 2=possi-ble; 1=tentative, but likely an artifact; 0=no-z). These quality criteria take into account the signal to noise ratio of the detection, the possibility that the line is a contaminant, and the identification of the feature with a specific emission line. This procedure was carried out independently by at least two inspectors per cluster (see Treu et al. 2015 , for details).
The full redshift catalogs from the inspection of the 10 GLASS clusters are available at https://archive. stsci.edu/prepds/glass/.
THE SAMPLE
We make use of all the 10 GLASS clusters. Virial radii r 500 have been computed from virial masses M 500 taken from Mantz et al. (2010) :
3 , with G being the gravitational constant = 4.29 × 10 −9 (km/s) 2 Mpc M . From the redshift catalogs, we extract galaxies with reliable redshift (Q z ≥2.5) within ±0.03 of the cluster redshift and consider them as cluster members. The redshift uncertainty is larger than the expected range of cluster velocities in order to account for uncertainties in the low resolution grism data. Our sample members might therefore include a fraction of interlopers, but we expect it to be extremely small, considering that we are looking at the cores of rich clusters that are highly overdense (see, e.g., Morishita et al. 2016) . We then select galaxies with detected Hα emission. We exclude the Brightest Cluster Galaxies (BCGs) from our analysis, which are not representative of the general cluster galaxy population. Given the cluster redshifts, Hα is found at the observed wavelength range 8500 ≤ λ ≤ 11100 Å, and we therefore mostly exploit the G102 grism data in our analysis, but we check whether Hα is detected in the G141 grism for the higher redshift galaxies (z ≥ 0.67, i.e. members of MACS0744 and a few field galaxies).
We assemble a field sample consisting of all galaxies with reliable redshift, Hα in emission in the G102 grism and redshift outside the cluster redshift intervals (z < z cl − 0.03 or z > z cl + 0.03). Overall, we limit our field sample range to the redshift range spanned by cluster members: 0.3≤ z ≤0.7. Note that this cut was not adopted by Vulcani et al. (2015) , therefore some galaxies some galaxies from that work are not included in the current selection. Figure 1 shows the redshift distribution of our samples. We do not have additional information on the environments of the field galaxies; some of them might actually be located in groups, but certainly not in rich clusters.
Overall, our sample includes 76 cluster members and 85 field galaxies, distributed among the different clusters as summarized in Table 2 (Calzetti et al. 2000) is restricted to the range 0 ≤ A V ≤ 4.0 mag and the age can vary from 0.1 to the age of the universe at the galaxy redshift. Exponentially-declining star-formation history, where SFR(t) ∝ exp(−t/τ ) at the time t, with τ in the range of 8 ≤ logτ ≤ 10 is assumed. The errors in the SED parameters are 1σ uncertainties derived by FAST.
We note that the templates for SED fitting used here do not include emission lines. In Vulcani et al. (2015) , where we analyzed only two clusters, we had used a SED fitting procedure that considered emission lines (see Castellano et al. 2014, for details) . Comparing those mass estimates to the one used here for the subset of objects in common, after correcting for the IMF, we get that results are largely in agreement and the dispersion is <0.1dex, which is smaller than the typical error on mass estimates (0.2-0.3 dex).
Stellar population properties have not been fitted for A370, since the final HFF observations are not scheduled until September 2016.
Hα maps
The GLASS grism spectra have high spatial resolution and low spectral resolution, meaning that emission line structure reflects almost exclusively spatial structure (morphology) in contrast to data with high spectral resolution where structure reflects velocity (rotation or dispersion). Spectra can be seen as images of a galaxy taken at ∼24 Å increments (∼12 Å after interlacing) and placed next to each other (offset by one pixel) on the detector.
The details of the procedure we followed to make emission line maps of galaxies are described by Vulcani et al. (2015) . Briefly, we obtained the maps from the spectra coming from the different exposures (one per PA) of each galaxy independently, and only in the last step we combined them. From the flux-calibrated galaxy 2D continuum spectra we subtracted the sky background and the contamination. From two regions contiguous to the Hα emission we determined the y-position of the peak of the continuum. This position was needed to measure the offset in the y-direction of the Hα emission with respect to the galaxy center in the light of the continuum. Subsequently, we subtracted the 2D stellar continuum model obtained by convolving the best-fit 1D continuum without emission lines with the actual 2D data, ensuring that all model flux pixels are non-negative. We were therefore left with the surface brightness map of the Hα line.
When spectra from both PAs are reliable, i.e. not contaminated by other sources or not at the edge of the grism, we combined the maps obtained for the two PAs. When also the Hα maps from the G141 filter are available, we combined them with the G102 maps, to increase the signal-to-noise ratio. Overall, for 80 galaxies Hα maps have been reliably obtained in the spectra of both PAs in the G102 grism; for 9 galaxies Hα maps have been obtained also from the G141 spectra.
As a final step, we superimposed the Hα map onto an image of the galaxy taken with the F475W filter (rest-frame UV) and onto an image in the F140W (IR). Images are taken from the HFF photometry (Lotz et al. 2016) or CLASH HST photometry, (Postman et al. 2012) . We use the F475W filter to map relatively recent (∼100 Myr) star formation, and the F140W to trace the older stellar population as opposed to ongoing (∼10Myr) star formation traced by Hα. Note that for A2744 we used the F435W filter, because the F475W filter is not available.
To superimpose the Hα maps to the images, we aligned each map to the continuum image of the galaxy, rotating them by the angle of its PA, keeping the y-offset unaltered with respect to the continuum. On the x-axis, there is a degeneracy between the spatial dimension and the wavelength uncertainty, it is therefore not possible to determine uniquely the central position of the Hα map for each PA separately. However, for the vast majority of cases in which spectra from both PAs are reliable, we used the fact that the 2 PAs differ by almost 90
• , therefore the x-direction of one spectrum roughly corresponds to the y-direction of the second spectrum and vice-versa. We shifted the two spectra independently along their x-direction to maximize the cross correlation between the two maps to get the intersect. For the galaxies with reliable spectra in both PAs, we also measured the real distance between the peak of the Hα emission and the continuum emission, obtained as the quadratic sum of the two offsets.
SFRs
From the Hα maps we derive SFR maps. We use the conversion factor derived by Kennicutt, Tamblyn & Congdon (1994) and Madau, Pozzetti & Dickinson (1998) :
valid for a Kroupa (2001) IMF. We then converted SFRs to our adopted Chabrier (2003) IMF by adding 0.05 dex to the logarithmic values. We compute both the surface SFR density (ΣSFR, M yr −1 kpc −2 ) and the total SFRs (M yr −1 ), separately for the spectra coming from the two PAs and then combine them taking the mean values. Errors are summed in quadrature and divided by two. The measurements from the two PAs are consistent within the uncertainty. The total SFRs are obtained summing the surface SFR density within the Kron radius measured by Sextractor from a combined NIR image of the galaxy.
There are two possible limitations when using Hα as SFR estimator: the contamination by the [NII] line doublet, and uncertainties in the extinction corrections to be applied to each galaxy. We account for both effects, even though they are both small and none of the conclusions of this work hinge on the details of these corrections.
To correct for the [NII] contamination, we apply the locally calibrated correction factor given by James et al. (2005) . As opposed to previous works which considered only central regions, these authors developed a method which takes into account the variation of the Hα-[NII] with radial distance from the galaxy center, finding an average value of Hα/(Hα + [NII])= 0.823. This approach is appropriate given our goal to investigate extended emission.
The second caveat is the effect of dust extinction. Star formation normally takes place in dense and dusty molecular clouds, so a significant fraction of the emitted light from young stars is absorbed by the dust and re-emitted at restframe IR wavelengths. Garn & Best (2010) with X = log 10 (M * /1.1 · 10 10 M ) (to take into account the different IMF) and B i =0.91, 0.77, 0.11, −0.09, respectively. Even though the relationship was measured from observations of z ∼ 0 starburst galaxies, it has been shown to be appropriate for galaxies at redshifts up to z ∼ 0.8 (see, e.g., Garn et al. 2010; Sobral et al. 2012; Domínguez et al. 2013; Price et al. 2014) .
According to Garn & Best (2010) , the equation allows to predict the extinction of a galaxy with a given stellar mass to within a typical error of 0.28 mag. This typical error is broadly comparable to the accuracy with which extinctions can be estimated from the Balmer decrement.
We use this correction to obtain the intrinsic SFRs:
We assume that there is no spatial variation in extinction across the galaxy, even though high-resolution imaging in multiple HST bands (Wuyts et al. 2012) and analyses of such data in combination with Hα maps extracted from grism spectroscopy (Wuyts et al. 2013) indicate that such an assumption may be over-simplistic, particularly in the more massive galaxies where the largest spatial color variations are seen. It is hard to anticipate how corrections for non-uniform extinction might affect our conclusions, since the correction to the sizes will depend on the actual distribution of dust.
However, we expect the effect of dust to be relatively small, especially in a differential sense, i.e. it should not effect significantly our comparison between cluster and field galaxies. In support of this we note that Wang et al. (2016; in prep.) FIG . 2.-ΣSFR-SFR for cluster (blue) and field (red) galaxies in our sample. Error bars show the typical uncertainties on the measurements. Our ΣSFR limit is around 5 × 10 −2 M yr −1 kpc −2 for SFR∼ 1M yr −1 and is independent on environment, suggesting that the physical conditions in star forming galaxies are similar in clusters and field. measure dust attenuation from the Balmer decrement for a subsample of field galaxies at 1.3 ≤ z ≤ 2.3 in MACS1149. They find that the measured attenuation A V is almost always much smaller than 1 mag, and quite homogeneous across the galaxies, indicating that the spatial variation of the dust is not very important. Figure 2 shows the correlation between ΣSFRs and total SFR. Our ΣSFR limit is around 5 × 10
for SFR∼ 1M yr −1 both in clusters and in the field, suggesting that poor sensitivity does not vary between the field and cluster samples, as expected because we are using the same dataset. We use this value as indication of the completeness limit of our samples.
Hα EWs
Finally, we also compute Hα equivalent widths EW(Hα) from the collapsed 2D spectra. We define the line profile by adopting a fixed rest frame wavelength range, centered on the theoretical wavelength, 6480-6650 Å, and then obtain the line flux, f line , by summing the flux within the line. The continuum is defined by two regions of 100 Å located at the two extremes of the line profile. We fit a straight line to the average continuum in the two regions and sum the flux below the line, to obtain f cont . The rest-frame EW(Hα) is therefore defined by
Our approach ignores underlying Hα absorption, assuming it to be negligible for these strong emitters. As usual, when two spectra for the same galaxy are reliable, the final value is given by the average of the two EW estimates, and the error is obtained by summing in quadrature the individual errors. Overall, the EW measurements from the two PAs are consistent within the uncertainties. The fitting was performed assuming a double profile, to separate the different components of the galaxies (i.e. bulge+disk). Following a common choice (e.g. Graham & Driver 2005; Meert, Vikram & Bernardi 2015) , for bulges a Sersic index n=4 has been adopted, while for disks the typical exponential profile has been chosen (n=1). Such decomposition allows us to inspect whether the Hα flux traces the disk. A detailed description of the fitting procedure-though only for a single component analysis-can be found in Morishita et al. (2016) .
To estimate the Hα size of the galaxies, we choose to fix the Sersic index to n=1. This assumption is valid only for galaxies where star formation is taking place in disks, as we will discuss in §4.6. Therefore, we run GALFIT with the same parameters as done for the disk component in the continuum.
3.6. Visual morphologies Galaxies in our sample have been visually inspected by a subset of authors (B.V., T.T., A.D. and T.M.) to classify their morphology. Visual inspection was carried out with the publicly available Graphic User Interface GIG for morphologies (GiGm) described in Appendix B. We classified both the broad-band morphology and the morphology of the Hα emission. For the former, we followed the standard Hubble classification, subdividing galaxies into Ellipticals (E), Lenticulars (S0), Spirals (Sp) and Irregulars (Irr). In addition, we flagged galaxies undergoing a either minor or major merger (Mer). For the Hα morphology, we introduce a new scheme (illustrated in Fig. 3 ):
• regular, when the Hα light distribution is smooth and follows the galaxy disk (Fig. 3a) ;
• clumpy, when multiple peaks in the Hα light distribution have been detected, possibly a consequence of a merger where the core of the two galaxies are still distinguishable (Fig. 3b) ;
• concentrated, when the Hα light distribution appears more concentrated than the underlying disk or overall continuum if a disk is no clearly identifiable (Fig. 3c) ;
• asymmetric/jellyfish, when the emission appears torqued and extends mainly on one side of the galaxy (Fig. 3d ).
In addition, we also assign a label to each galaxy to attempt to classify the most likely physical processes responsible for altering its continuum and Hα morphology. This is clearly a qualitative and approximate classification scheme, considering that multiple processes might be simultaneously at work and that the mapping between morphology and process is not always unique and unambiguous. In spite of the uncertainties, we believe there is merit in categorizing in a self consistent manner the diversity of morphological features across environments. In the future, this classification scheme might be replaced with full 2D comparisons with numerical simulations. However, this is not currently possible and a qualitative classification appears to be a useful first step.
We adopt the following scheme (illustrated in Fig. 4 ):
• regular, when the Hα light distribution appears regular and undisturbed (Fig. 4a) ; • ram pressure, when an asymmetry in the Hα distribution or in the surface brightness is detected (Fig. 4b) . We are not able to detect weak cases of ram pressure stripping, for example when a galaxy is at its second or third passage toward the galaxy center, but only the strongest ones, when large quantities of gas are still available, and the ionized gas is stripped away in a line that approximately points away from the cluster center. Even though we know the environment in which galaxies are embedded, in clusters we did not explicitly use the direction of the cluster center to characterize this process. Appendix A shows all the galaxies in our sample we think are mainly affected by this process;
• major merger, when the constituents of the mergers are both visible both in the F140W and F475W filters, suggesting they have comparable stellar mass and luminosity (Fig. 4c) ;
• minor merger/interaction, when the F475W filter shows the presence of material infalling onto the main galaxies that is not detected in the F140W filter, suggesting a low mass to light ratio and a low stellar mass (Fig. 4d) ;
• other, when none of the above applies.
To determine whether our Hα emitters are characterized by a distinctive morphology with respect to the general galaxy population, we also visually classified a control sample of non-Hα emitter galaxies. This sample was drawn from the GLASS subsample for which photometric redshift have been determined by Morishita et al. (2016) . This sample includes four HFF clusters A2744, MACS0416, MACS0717, MACS1149. For each galaxy in our Hα emitter sample, we extracted two galaxies from the photo−z sample with masses similar to the reference galaxy (usually one slightly less massive and one slightly more massive), in the same environment and possibly at similar redshift. The latter criterion had to be relaxed for cluster galaxies at z > 0.55 due to the lack of cluster galaxies in this redshift range in the photo−z catalog. The classifications obtained from the different inspectors have been combined, adopting the most common classification. In case of broad disagreement (< 25% of the cases), the galaxies were re-inspected and discussed to reach an agreement.
3.7. Summary of the samples In summary we have four galaxy sub-samples with the following quantities estimated that we will use in our analysis: The first two samples constitute the main sample, the other our control sample. In the next section we present extensive comparisons of these four samples and their derived characteristics.
FIG. 5.-Stellar mass distribution for cluster (blue) and field (red) galaxies in our sample. Galaxies in the two environments are characterized by very similar mass distributions. Therefore any differences in star formation properties between the two samples are not driven by differences in stellar mass.
RESULTS
The properties of galaxies in our main sample are given in Table 3 (the total sample is given in the online version of the article). They include galaxy positions, redshifts, environments, magnitudes, stellar masses, EW(Hα)s, SFRs, ΣSFRs, the offset between the peak of the light in Hα and in the restframe UV continuum, broad-band morphologies and Hα morphologies and main processes acting on the galaxies. Figure 5 shows the distribution of stellar masses for our main sample. Galaxies in the two environments are characterized by very similar mass distributions (in agreement with Vulcani et al. 2013) . Therefore any differences in star formation properties are not driven by differences in stellar mass.
In the next subsections we will use all the data at our disposal to investigate a number of aspects related to galaxy evolution in the different environments. We will first focus on the morphologies of our galaxies and contrast the morphological distribution of Hα emitters to that of the control sample of non Hα emitters. Then we will focus only on Hα emitters and consider also the morphology of the Hα emission and characterize the possible processes responsible for such morphologies in the different environments. We will also characterize the SFR-mass relation, to see whether galaxies with different Hα properties and are experiencing different physical processes are located in different regions of this plane. Finally, for spiral galaxies -for which disk galaxy sizes are meaningful -we will investigate if the Hα emission follows the extension of the disk, indicative of galaxies forming stars in the secondary component.
Given the GLASS strategy (spectroscopic redshifts mainly for galaxies with emission lines) and the way our samples have been selected (visual selection), a statistical analysis on the incidence of Hα emitters in the different environments is not currently possible, and we therefore do not investigate the frequency of the Hα emitters with respect to the overall population in clusters and field.
4.1. The peculiar morphology of Hα emitters Figure 6 summarizes the morphological percentages for galaxies in clusters and in the field, for Hα emitter and non-Hα emitter galaxies. The two samples present morphological FIG. 6 .-Morphological percentages of galaxies in clusters (blue) and in the field (red) for Hα emitters (darker colors, upper histograms) and non-Hα emitters (lighter colors, bottom histograms). Numbers represent percentages, error bars represent 1σ binomial errors (Gehrels 1986). Numbers in brackets give the number of objects in each class. Spiral galaxies dominate the population of Hα emitters, followed by merging systems. Interestingly, many Hα emitters have an early-type (S0+elliptical) morphology. In the control sample, there is no predominance of one morphological types, and the fraction of passive spirals is surprisingly high, compared to previous works (e.g. Poggianti et al. 2009). distributions which are all consistent within the 1σ errors: the Hα emitters are dominated by spiral galaxies, both in clusters (41 ± 8%) and in the field (51 ± 8%), followed by merging systems (28 ± 8% in clusters, 31 ± 7% in the field). Ellipticals constitute 22±7% of the Hα emitter population in clusters, and 13±6% in the field. In both environments, S0s represent less than 7% of the entire population and they are slightly more numerous in clusters, in agreement with Dressler et al. (1997); Postman et al. (2005) . Irregulars represent just a few percent of the total population. We stress that among the Hα emitters, the fraction of both mergers and early-type (elliptical+S0) galaxies is remarkably high. Although this was somewhat expected for mergers, it is perhaps surprising for the early-type galaxies. Understanding the origin of star forming ellipticals is beyond the scope of this work and will be revisited in future work.
In the control sample of non Hα emitters, there is no predominance of a unique morphological class, with spirals constituting 28±4% of the total population in clusters and 31±7% in the field, ellipticals 38±5% in clusters, 36±7% in the field. The incidence of merging systems is significantly less than among Hα emitters (7±3% in clusters, 10±3% in the field), while irregulars are more numerous (12±3% in clusters, 19±6% in the field). However, we caution the reader that in many cases it has been very difficult to distinguish between these two classes. It is very interesting to note the presence of such a high number of spiral and irregular galaxies that do not present Hα in emission above our Hα surface brightness detection limit of 5 × 10 −2 M yr −1 kpc −2 , indicating that, despite their morphology, these object are already passive, perhaps on their way to becoming lenticular galaxies (e.g. Moran et al. 2005; Ellis et al. 1997; Treu et al. 2003) .
The diversity of the Hα morphologies
Having established that Hα emitters are a peculiar subsample of the entire galaxy population, we focus on the properties of these galaxies, and compare the broad-band morphology to the morphology of the Hα line. We will pay particular attention to spiral galaxies, which represent the most common class of emitters, both in clusters and in the field. Figure 7 presents the incidence of each Hα morphological class (upper panel) and process likely to be responsible for the observed Hα morphology (bottom panel), in both environments separately. We stress that that classification of the process label should be interpreted as qualitative and the adopted label is short-hand for what it is likely to be complex and notnecessarily unique mechanisms.
We find that there is no dominant morphology for the Hα emission, and all the classes are almost uniformly populated. The only exception is the predominance of the clumpy Hα morphology in the field (44 ± 8%). Overall, this result is consistent with a diversity of factors impacting galaxy star forming regions and therefore on the Hα morphology. The other percentages agree within the errors, but in clusters there seems to be a larger number of galaxies with regular (30±8% vs 20±7% in the field), asymmetric (28±8% vs 23±7% in the field) and more concentrated (21±7% vs 13±6% in the field) Hα morphology.
Different physical processes might be acting on the different galaxies and the bottom panel of Fig. 7 shows that in both environments star formation seems to proceed regularly and more or less undisturbed on ∼ 35% of the galaxies and none of the proposed process seems to be the responsible for the Hα morphology for ∼ 6% the galaxies. The most common classification in clusters seems to be ram pressure stripping, with 21 ± 7% of all galaxies falling in this category. In contrast, in the field, only 4 ± 3% of galaxies show signs of possible stripping. Major mergers seem to have a similar incidence in both environments (15 ± 7%), while minor mergers are by far more common in the field (41±8%) than in clusters (20±7%).
We note that fractions do not depend on stellar mass: the mass distributions of the different Hα morphological classes are very comparable, as are also those of galaxies classified as undergoing different physical processes.
It is interesting to note how the fraction of galaxies classified as minor mergers in the two environments is the same as the fraction of galaxies with a clumpy Hα morphology, suggesting a physical link between minor merging and Hα morphology. However, to understand the connection between process label and Hα appearance we must inspect the galaxy properties simultaneously, as done in Figures 8 and 9 . Figure 8 presents the incidence of galaxies of a given broadband morphology and given Hα morphology, for the two environments separately. Numbers refer to the percentages with respect to the total population of Hα emitters in a given environment, colors provide the information on the percentages of a given Hα morphology for each morphological class separately; e.g. the fraction of cluster galaxies with regular Hα morphology among elliptical galaxies. We warn the reader that when splitting the samples in many subgroups, uncertainties become important and prevent us from reaching solid conclusions.
Some trends emerge and there are interesting differences between the two environments. In clusters, elliptical galaxies most likely present a regular Hα morphology (9±5% of all galaxies, ∼ 40% of elliptical galaxies), but in a few cases they present also the other Hα morphologies. In the field, ellipticals have the same chance of having a regular or asymmetric Hα morphology (5±4% of the total, ∼ 40% of all ellipticals). Besides being a small fraction of the total sample, S0s in clusters most likely have concentrated Hα, while in the field they have a clumpy Hα distribution. Spiral galaxies have all kinds of Hα morphologies, but in clusters they have mostly asymmetric Hα (15±6%), while in the field by far clumpy Hα (24±7%). As expected, in both environments irregular galaxies do not have regular or concentrated Hα disk, but it is either clumpy or asymmetric. Finally, merging systems have all kinds of Hα morphologies, with a preference for clumpy morphology in the field (13±6%), followed by the asymmetric one (9±5%). It is interesting to note though that, especially in clusters merging systems can maintain a regular Hα morphology (∼30% of all mergers).
Similarly, Figure 9 presents the incidence of galaxies of a given Hα morphology classified as experiencing a given process, for the two environments separately. Again numbers refer to the percentages with respect to the total population of Hα emitters in a given environment, colors provide the information on the percentages of a given Hα morphology for each physical process separately; e.g. the fraction of galaxies with asymmetric Hα morphology among galaxies that are classified as likely experiencing ram pressure stripping.
Overall, 25±7% of galaxies in clusters present a regular Hα morphology and have regular star formation. This percentage is 18±6% in the field. In both environments, regular label is also associated with a concentrated Hα morphology, perhaps suggestive of a nuclear starburst without major outside disturbances, even though this case is not very common (∼6-8% of all galaxies, < 30% of galaxies classified as regular). In clusters, the second most populated class is that of galaxies with asymmetric Hα classified as affected by ram pressure stripping (18±7% of the total population and >90% of galaxies likely experiencing this process). In a few cases ram pressure seems to produce a concentrated Hα morphology (3±3%). In this case, we could be witnessing the final stage of a stripping event, when the galaxy is left with a truncated Hα disk. As expected, ram pressure is not very effective in the field (<4%). In clusters, major and minor mergers seem to produce all the different Hα morphologies, with a light preference for the clumpy class. In contrast, in the field, 27±7% of the total population have been classified as having clumpy Hα morphologies undergoing a minor merger and almost all minor mergers produce a clumpy Hα morphology (>90%). In the field, major mergers are less common events, and produce FIG. 8.-Percentages of galaxies of a given broad-band morphology and Hα morphology in clusters ( left panel) and in the field (right panel). The shown numbers represent the fraction of objects of a given Hα-galaxy morphology combination, i.e. the sum to 100. Numbers in brackets give the number of objects in each class. The color coding in the rows represents the percentages of a given Hα morphology for each morphological class separately. For instance, from the color bar, we see that ∼ 40% of spirals in the clusters have asymmetric Hα morphologies and that this combination makes up 14.7% of the full sample. The same class of objects make up 8.2% of the field galaxies, but only represent ∼ 10% of all spirals, as clumpy Hα dominates the spiral field sample. both clumpy (7±4%) and asymmetric (6±4%) Hα morphologies. Unidentified processes produce mainly clumpy Hα morphologies in clusters (4 ± 4%), and asymmetric Hα distribution in the field (5±4%).
Unfortunately, due to small number statistic, we can not look for trends taking into account simultaneously all the three parameters (broad-band morphology, Hα morphology, and process). From the analysis above, based on our qualitative classification, it appears evident that our sample includes a large variety of objects with different properties and that different processes, representative of the different environments, can indeed produce similar features. Interestingly, in many cases the effect of the environment is hardly detectable, even with these sensitive tools and prior knowledge. This is consistent with the idea that environment-specific processes play a secondary role in galaxy evolution, at least for galaxies with M * > 10 8 M . We now proceed by discussing in detail the most interesting classes. 4 .3. Classes of peculiar objects 4.3.1. Elliptical galaxies with extended Hα in emission As mentioned above, 23(13)% of Hα emitters in clusters (field) present an elliptical morphology. This fraction is quite surprising since elliptical galaxies are generally thought to be quiescent (although blue cores have been seen in the past; Menanteau et al. 2005a , Menanteau et al. 2005 Treu et al. 2005; Schawinski et al. 2009 ). Of these, in clusters ∼40% present a regular Hα morphology, ∼10% a clumpy Hα morphology, ∼20% a concentrated Hα morphology and ∼30% an asymmetric morphology. The corresponding percentages for galaxies in the field are: ∼ 35%, ∼ 20%, ∼10%, ∼35%, respectively. Figure 10 shows some examples of these galaxies. For each object, a composite image of the galaxy based on the CLASH (Postman et al. 2012) or HFF (Lotz et al. 2016) HST images is shown, along with the Hα map superimposed on both the image of the galaxy in the F140W filter and in the F475W filter. As can be seen from the images, both the broad band morphology and the Hα emission are highly certain and therefore these are not spurious detections or misclassified objects. In clusters, 4 cases show clear signs of ram pressure stripping (like MACS1149-01832, in the upper right panels of Fig.10 ), while there is only a tentative case of stripping in the field.
In both environments, these galaxies have a median SFR of ∼ 3M yr −1 ; field galaxies have a median mass of∼ 10 8.8 M , cluster galaxies of ∼ 10 9.7 M , therefore they are not the most massive objects in our sample, but have high SFR, suggesting they might actually be nuclear star bursts or AGNs. However, these galaxies do not all have concentrated Hα, indicating that even if present, the AGN can not be entirely responsible for the detected Hα emission. In addition, the X-ray maps show that these elliptical galaxies are not strongly emitting in X-ray, therefore the presence of strong AGNs is excluded.
The origin of these objects is unclear, they might be disk+bulge galaxies which have had their disk destroyed or removed by some process or very dusty objects. This class of objects will be revisited in a future work. 4.3.2. Spiral galaxies with asymmetric Hα likely due to ram pressure Spiral galaxies are the most common class of Hα emitters, in both environments. In clusters, ∼ 35% of them show asymmetric Hα maps, corresponding to 15% of the total number of galaxies. In the field, 15% of all spirals show asymmetric Hα morphologies corresponding to 8% of all field Hα emitters. In clusters, in 65% of the cases the asymmetry has been classified as consistent with ram pressure stripping, in the field this number is less than 30%. Figure 11 shows some examples. Most of them can be characterized as jellyfish galaxies, i.e. galaxies that exhibit tentacles of material that appear to be stripped from the galaxy, and whose morphology is suggestive of non-gravitational removal mechanisms, such as ram pressure stripping (e.g., Fumagalli et al. 2014; Ebeling, Ma & Barrett 2014) . Upon visual inspection, some of our galaxies really seem to be caught in the act of being stripped and are currently losing gas and material, producing a tail, which extends in the opposite direction of the cluster center. The bending of the Hα disk (e.g. for MACS0717-02334) might suggest that the galaxy is plunging into the ICM. We refer the reader to Paper VIII for a more detailed investigation of the relation between the Hα morphology and cluster properties. Interestingly, there are other galaxies (e.g. RXJ2248-00104) that seem to have already lost most of their Hα disk, which appears to be truncated. RXJ2248-00104 is a good example of multiple mechanisms as a merger, in addition to ram pressure stripping, might be operating.
4.3.3. Spiral galaxies with clumpy Hα due to mergers In the field, almost 50% of spiral galaxies present a clumpy Hα morphology, while in clusters this fraction is less than 20%. In the field, in 80% of the cases this Hα morphology is attributed to the occurrence of minor mergers. Figure 12 shows some examples in the field. For almost all of these galaxies the F475W filter shows the presence of material infalling onto the main galaxies. This material is not detected in F140W, suggesting that, though luminous, it is not very massive. Therefore we classified it as minor mergers.
The median SFR of these galaxies is ∼ 3M yr −1 , the median mass is 10 9.9 M .
Galaxies with concentrated Hα
The last class of objects that we single-out for discussion is that made up of galaxies with very concentrated Hα. Galaxies of all morphologies enter this category, both in clusters and in the field, except that no S0s with concentrated Hα have been identified in the field. In clusters (field), regular diffuse star formation seems to be ongoing for 35% (45%) of the objects. The Hα disk seems fairly regular, though much smaller than the galaxy size, perhaps indicative of some other gentle process like strangulation, that is removing the most loosely bound gas. In the other cases, both minor and major mergers seem to induce a concentrated Hα morphology. Figure 13 shows some examples. It appears evident that some emission is more clumpy, some very asymmetric.
Offsets between Hα and the galaxy in the continuum
In the analysis above, when comparing the Hα emission to the image of the galaxies in the continuum, we have neglected an important aspect: in many cases there seems to be an offset between the peak of the Hα emission and the peak in the continuum.
Comparing the position of the peak of the Hα emission to that of the continuum, as traced by the F475W, 4 we found that in both environments, for most of the galaxies the displacement is smaller than 1.5 kpc (plot not shown). The average offset is ∼ 0.5 kpc (typically 0.05 ). We note that this offset is larger than any potential uncertainty in the astrometry for the different bands, which is of the order of a fraction of a pixel. For reference at the redshifts consider here, 1 pixel corresponds roughly to 0.2-0.3 kpc.The existence of the offset suggests that in most galaxies the bulk of the star formation is not uniformly diffused. Past and current star formation are not co-located, as for example assumed by Nelson et al. (2012 Nelson et al. ( , 2013 ; Nelson et al. (2015) . These results confirm our previous findings, based only on two clusters (Vulcani et al. 2015) . Figure 14 gives the mean values of the distance between the peak of the Hα emission and the continuum (F475W filter), for galaxies showing different Hα morphologies (left) and possibly feeling different physical processes (right). Only galaxies with both PAs are considered. Similar results are obtained for the two offsets separately. Values are in agreement within uncertainties, but there are hints that e.g. galaxies with regular Hα morphologies have smaller offset than galaxies with a clumpy morphology (especially in clusters). In clusters, galaxies undergoing ram pressure events tend to have larger offset, as also merging galaxies. Comparing the two environments, no robust systematic differences are detected.
Star formation rates
We can relate the results obtained so far to the position of the galaxies on the SFR-mass plane, to investigate whether we can establish a link between the specific star formation rate (or the SFMS) and environmental processes. Figure 15 shows our cluster and field galaxies, overplotted the AEGIS Noeske et al. The GLASS samples span a wide redshift range (0.3 < z < 0.7), therefore the spread is expectedly due to the evolution of the SFR-M * relation with z, but our sample is too small to investigate evolutionary trends.
The Noeske et al. (2007) sample is complete down to ∼ M * > 10 9.7 and log SFR > 0, the Vulcani et al. (2010) sample down to ∼ M * > 10 10.6 and similar SFRs. Therefore, the overlap between the GLASS and literature samples is limited. The GLASS galaxies tend to lay on the SFR-mass relation of blue galaxies with emission lines or detected in the Infrared (see Noeske et al. 2007; Vulcani et al. 2010 , for details on their sample selection), tracing the upper envelope. To some extent, this was expected given that our sample has been assembled by selecting visually detected Hα emitters, and thus preferentially rapidly star forming galaxies.
Furthermore, it is important to note that the comparison with the literature is not straightforward. Noeske et al. Our results show that at 0.3 < z < 0.7 the vast majority of cluster galaxies can be as star forming as field galaxies of similar mass. In the literature, e.g. Patel et al. (2016) have detected both at these redshift and at z ∼ 0 the existence of a population of galaxies with a reduced SFR at fixed stellar mass which is absent in the field. These galaxies are most likely in transition from being star forming to being passive. Probably due to our limited number statistic, we are not able to firmly single out this population, even though few galaxies in our clusters indeed show a reduced SFR given their mass.
In order to investigate the connection between process and star formation, we then investigate whether galaxies with different Hα morphologies classified as experiencing different processes populate specific regions of the SFR-mass plane.
From broad-band morphology (plot not shown), we find that the different classes are almost normally distributed around the fit, with elliptical galaxies presenting a large dispersion. Cluster galaxies in the low SFR tail are spirals, while two of them are ellipticals. Figure 16 presents the SFR-mass relation for galaxies of different Hα morphology subject to different physical processes in the two environments separately We note that there is no clear trend between Hα morphology and SFR: galaxies with comparable values of SFR can have very different Hα morphologies. Nonetheless, some tentative trends emerge.
Interestingly, cluster galaxies classified as undergoing ram pressure stripping (stars) seem to be located both above and below the SFR-mass relation, showing how star formation is either enhanced in these systems (in agreement with Poggianti et al. 2016), or suppressed, when we are witnessing a late stage of the phenomenon. As already mentioned, most of these galaxies show an asymmetric Hα morphology and some of them look like jellyfish galaxies. Major mergers (triangles) seem to induce an enhancement of the star formation, in clusters and also in the field. Overall, cluster galaxies in the tail of low SFR have Hα concentrated and are produced by not identified ("other") processes. In clusters, galaxies with Hα concentrated (green symbols) are found only for M * > 10 9 M * . Galaxies showing a regular Hα morphology (circles) and experiencing regular processes (orange symbols) tend to be located above the best-fit of SFRMass relation.
Even though we have used arguably one of the most sensitive diagnostic tool to try and interpret the SFR-mass relation, we could not find any clear trend within the SFR mass plane. It is possible that any trends within the plane are obfuscated by uncertainties in our classification scheme or perhaps our sample is not large enough. However, if the effects on environmental processes on these integrated measures had been dramatic we should have been able to see them. The lack of clear trends is thus consistent with the idea that environmental process play a secondary role in establishing the star formation rate for a galaxy of a given mass. Nelson et al. (2015) have also related the spatial extent of the Hα distribution and stellar mass, by stacking Hα images to reach deep surface brightness limits (∼ 10 −18 erg s −1 cm −2 arcsec −2 ) for field galaxies at z ∼ 1. They mapped the Hα distribution as a function of SFR(IR+UV) and found that above the main sequence Hα is enhanced at all radii; below the main sequence Hα is depressed at all radii. This suggests that at all masses the physical processes driving the enhancement or suppression of star formation act throughout the disks of galaxies. For 10 10.5 < M * /M < 10 11 , above the main sequence, they found that Hα is particularly enhanced in the center, indicating that gas is being funneled to the central regions of these galaxies to build bulges and/or supermassive black holes. Below the main sequence, the star forming disks are more compact.
In contrast, Willett et al. (2015) have analyzed the local SFMS of disk galaxies and found that it is remarkably robust to the details of the spatial distribution of star formation within galaxies. They classified galaxies in a wide range of morphological sub-types, i.e. number or pitch angle of spiral arms, presence of a large-scale bar; but did not detect no statistically significant difference in the relative position of these sub-types across the SFMS. They concluded that system which regulates star formation in galaxies is thus either not affected by the details of the spatial distribution of star formation, or its regulatory effect is so strong that it wipes out any such effect in a short time. 4.6. Comparison between sizes in different bands for spiral galaxies As discussed in Sec 3.5, we have measured sizes for all the galaxies, assuming a double profile fit for the galaxies in the continuum, and a single profile fit with n=1 for Hα maps. The former assumption is valid for galaxies with a regular morphology, such as ellipticals (which are supposed to have the second component negligible), S0s and spirals. The latter assumption is valid under the hypothesis the Hα is distributed FIG. 17.-Size comparisons for spiral galaxies in our sample, for which the assumption of the existence of the disk holds. Left panel: Hα size vs. F475W size for cluster galaxies. Galaxies with different Hα morphologies are highlighted, as indicated in the label. Lines show the 4:1, 2:1, 1:1, 1:2, 1:4 respectively. Small black dots are field galaxies, for comparison. Central panel: Hα size vs. F475W size for field galaxies. Galaxies with different Hα morphologies are highlighted, as indicated in the label. Lines show the 4:1, 2:1, 1:1, 1:2, 1:4 respectively. Small black dots are cluster galaxies, for comparison. Right panel: distribution of the ratios of Hα size to the F475W size, for galaxies in clusters (blue, filled histogram) and in the field (Red, empty histogram) . Mean values along with 1-σ errors are also indicated. The mean ratio between Hα size and size in the continuum (F475W) is close to 1, in both environments, indicating that Hα traces the disk and suggesting that indeed star formation is mainly taking place in this component. Galaxies with different Hα morphology are not strongly clustered in the size-size plane, even though concentrated objects tend to have smaller Hα size, in both environments. In clusters, a population of galaxies with Hα much larger than the size in the continuum tend to appear, maybe indication that this galaxies are currently ram pressure stripped.
across a disk. As we have seen so far, these assumptions are valid only for a fraction of galaxies in our sample, while the rest show non-canonical morphologies and host very irregular Hα distributions.
In what follows, we will consider only spiral galaxies and investigate whether in these objects Hα actually follows the disk, indication that star formation is taking place in this component, or whether the two portions of the galaxies are uncorrelated. To do so, we compare the size of Hα to the size of the disk of the galaxy, measured both from the F475W filter and the F140W filter. These two filters capture the light of two different stellar populations: the former is more sensitive to the younger population (SFR in the last million years), while the latter is more sensitive to the older stellar component.
The left and central panels in Figure 17 compare the size of the Hα disk to the size of the galaxy disk at F475W for cluster and field galaxies separately. Galaxies with different Hα morphology are also highlighted. The right panel shows the distribution of the ratio of sizes at the different wavelengths.
Cluster and field galaxies occupy slightly different regions of the plane: field galaxies seem to have systematically smaller Hα sizes compared to the continuum sizes, while in clusters there are outliers with Hα size much larger than the continuum size. These cluster galaxies might be likely experiencing ram pressure stripping which is puffing up the Hα disk (in agreement with our results presented in Vulcani et al. 2015) .
Mean values peak around one, indicating that Hα is approximately on the same scale of the disk, indicating that most of the star formation indeed is occurring in the disk as assumed.
Interestingly, the Hα size is not strongly correlated to the Hα morphology: while some systematic differences are detected (e.g. if Hα is concentrated the Hα size is smaller) these are all within the observed scatter.
Using the F140W filter instead of the F475W, no strong differences are detected (plots not shown), except that sizes in the continuum are systematically smaller, as expected given that we are looking at an older stellar population and the known color gradients in galaxies. Finally, for spiral galaxies, we can investigate how the SFR correlates with the size of the disk and its mass, to investigate whether the Hα disk and the galaxy disk coincide.
The correlation between SFR and size (left panel of Fig. 18 ) is not very tight, in either environment. Overplotted are also lines of constant star formation density Σ SFR . Our galaxies do not lie on any of these tracks, spanning a range of almost two orders of magnitude in star formation density. We interpret this as the result of a diversity of modes of star formation, from different levels of star formation in disk with different supplies of cold, to perhaps nuclear starbursts or star formation associated with interactions and accretion.
Using the information on the B/T ratio, we can estimate the mass fo the disk in galaxies (M disk = (1 − B/T ) × M * ). Especially for field galaxies, this relation is much more tighter than the canonical SFR-Mass relation for the same galaxies (plot not shown), suggesting that indeed the bulk of the star formation is occurring in disks. Abramson et al. (2014) found that by normalizing galaxies by the stellar mass of the disk alone, the slope of the SFMS is consistent with only a linear trend (removing any dependence on mass). Although this correction to the disk stellar mass homogenizes the SFMS for disks with a range of B/T, the intrinsic dispersion (σSFR) of the sequence must be a result of contributions by bars, disk dynamics, halo heating, AGN activity, environment and/or gas accretion history, among other factors (Dutton, van den Bosch & Dekel 2010) . While the overall bulge strength does affect the position of a galaxy on the SFMS (Martig et al. 2009; Cheung et al. 2012; Fang et al. 2013; Kaviraj 2014; Lang et al. 2014; Omand, Balogh & Poggianti 2014) , the structure of the disk itself does not (Willett et al. 2015) . These finding are consistent with recent models in which details of the feedback, which also relate strongly to the galaxy properties, have little effect on the SFMS (Hopkins et al. 2014) . Alternatively, this also agrees with models in which the SFMS is the result of stochastic processes, rather than deterministic physics related to galaxy evolution (Kelson 2014).
DISCUSSION AND CONCLUSIONS
Building on our pilot study presented in Vulcani et al. (2015) , we have continued our exploration of the spatial distribution of star formation in galaxies at 0.3 < z < 0.7, as traced by the Hα emission in the field of view of the 10 GLASS clusters, detailing and strengthening our previous results. We have produced Hα maps taking advantage of the WFC3-G102 and WFC3-G141 data at two orthogonal PAs. We visually selected galaxies with Hα in emission and, based on their redshift, assigned their membership to the cluster. We used galaxies in the foreground and background of the clusters to compile a field sample at similar redshift. The cluster and field samples are well matched in stellar mass and have very similar data quality ensuring that any differences in the populations are not driven by the stellar mass of the galaxies or instrumental selection effects.
We have visually classified both field and cluster galaxies, paying particular attention to their broad-band morphology, the Hα morphology. We have introduced a new scheme to visually categorize galaxies according to the main process that are affecting the mode of star formation. Our is clearly a qualitative and approximate classification scheme, considering that multiple processes might be simultaneously at work, but we believe there is merit in categorizing in a self consistent manner the diversity of morphological features across environments. More quantitative tests on the ability of detecting ram pressure stripping effect are currently underway (Paper VIII).
We have correlated these quantities to the extent of the Hα emission and its position within the galaxy, in order to present a complete characterization of the Hα emitters in different environments.
The main results of this analysis can be summarized as follows:
• Comparing the morphological distribution of Hα emitters to that of a reference sample matched in mass and environment, we found systematic differences: among the Hα emitters, 40% of galaxies in clusters and 50% of galaxies in the field present a spiral morphology. In both environments, the second most common morphological class is that of mergers, followed by ellipticals and S0s. In contrast, in the control sample, there is no dominant morphological type, with ellipticals and spirals the most represented ones.
• Hα emitters can assume a variety of Hα morphologies consistent with a diversity of physical processes. Nonetheless, some patterns have been found. In the field Hα emitters most likely present a clumpy Hα morphology consistent with minor mergers or accretion (27% of the galaxies), or a regular morphology where current star formation appears to be co-located with past star formation (18%). Perhaps surprisingly, regular galaxies not affected by any strong process are the most common class in clusters (25%), followed by asymmetric galaxies where clear sign of ram pressure stripping have been detected (18%).
The most common process label in clusters is ram pressure, while in the field it is mergers, mostly minor.
• Comparing the position of the peak of the Hα emission to that of the continuum, as traced by the F475W filter, we found that in both environments, for most of the galaxies the displacement is smaller than 1.5 kpc and the average offset is ∼0.5 kpc. The existence of the offset suggests that current star formation is not generally colocated with recent star formation, perhaps as the result of accretion of satellites or gas, or non gravitational interactions such as ram pressure stripping affecting the spatial distribution of the cold gas.
• Overall, cluster and field galaxies share a similar SFRmass relation. Galaxies with different Hα morphologies produced by different processes may populate different regions of the SFR-mass plane, but due to our low number statistics we can not draw firm conclusions. Galaxies likely experiencing a ram pressure event are located either above the main sequence (SFR enhanced, maybe suggestive of ongoing stripping) or below (SFR suppressed, maybe suggestive of past stripping). Galaxies undergoing a major merger event tend to have SFR enhanced, both in clusters and in the field. In clusters, the tail at low SFR level is populated by clumpy or concentrated Hα morphologies, due to some non identified process.
FIG. 18.-Left: SFR-size disk relation for spiral galaxies in clusters (blue circles) and in the field (red stars). Dashed lines indicate the loci of constant SFR density. Right: SFR-Mass disk relation for spiral galaxies in clusters (blue circles) and in the field (red stars).
• For spiral galaxies, we compared the size of the current star formation (traced by Hα) and the recent star formation (as traced by the disk in filter F475W). In general Hα traces the disk, with the mean size ratio being close to unity, in both environments. Galaxies with different Hα morphology are not strongly clustered in the size-size plane, even though concentrated objects tend to have smaller Hα size, in both environments. In clusters, a population of galaxies with Hα much larger than the size in the continuum tend to appear, consistent with their gas being currently being stripped or disturbed by environmental processes.
The emerging picture is that Hα emitters are a very heterogeneous population, characterized by a range of morphologies, sizes and SFRs, in agreement with previous studies conducted from the ground (e.g., Yang et al. 2008; Gonçalves et al. 2010; Sobral et al. 2013; Swinbank et al. 2012; Wisnioski et al. 2015; Stott et al. 2016) and from space (Nelson et al. , 2013 Nelson et al. 2015) . Therefore, a simple explanation can not describe our observations. Even though we identified some small systematic differences between galaxies in the field and in clusters, both populations present very mixed morphologies and experience a variety of processes.
Non gravitational interactions such as ram pressure stripping seem to play an important role in clusters while it is much less effective in the field. This is in agreement with previous studies that showed how this phenomenon is expected to be important at the center of massive clusters because of the large relative velocities and higher densities of the ICM (Gunn & Gott 1972; Quilis, Bower & Balogh 2001; Font et al. 2008; Bekki 2009 ). Brüggen & De Lucia (2008 showed that virtually all cluster galaxies suffered weaker episodes of rampressure, suggesting that indeed this physical process might have a significant role in shaping the observed properties of the cluster galaxy population. They also found that rampressure fluctuates strongly such that episodes of strong rampressure are followed by two episodes of weaker ram pressure, possibly allowing the gas reservoir to be replenished and intermittent episodes of star formation to occur. In agreement with this, in our sample we detected a broad range of ram pressure strengths affecting the GLASS galaxies. We also detected stripping in galaxies of different broad-band morphology, consistent with the idea that gas stripping does not directly and instantaneously affect galaxy morphology.
We found that galaxy mergers and more generally major galaxy-galaxy interactions are frequently detected in field Hα emitters, and less in massive clusters, where the large velocity dispersions impede encounters (e.g. Mihos & Hernquist 1996) . As expected, we found that mergers trigger star formation. Interestingly, Sobral et al. (2011) found instead that the increase in mergers within Hα emitters is progressive from field into groups and into clusters. Their analysis revealed that non-merger driven star formation is strongly suppressed in both rich groups/cluster environments and for high stellar masses, implying that once potential mergers are neglected, stellar mass and environment both play separate and important roles.
Broadly speaking, we conclude that the effects of clusterspecific mechanisms on galaxy evolution are detectable in our unprecedented data. However, they are both subtle and complex. They are subtle in the sense that no dramatic trend is found between the morphology of the current star formation and the environment or other properties of the galaxy. Every trend that we have found is weak and there are always exceptions. This is consistent with previous work based on spatially unresolved data that has concluded that the differences are small, once one controls for stellar mass and other parameters directly related to the time of initial collapse of the halo in which the galaxy is found (Morishita et al. 2016) . They are complex in the sense that the richness of morphologies and sizes and relationships between current, recent and past star formation cannot be easily reduced to a small number of clear cut categories. This complexity limits the extent to which data of this quality can be interpreted in the absence of full blown quantitative calculations of these effects. The dynamical range, resolution, and physical complexities that needs to Blue contours indicate that Hα maps are obtained from one spectrum, purple contours indicate that Hα maps are obtained from two orthogonal spectra, and green contours indicate that Hα maps are obtained combining both the G102 and G141 grisms (only for z > 0.67). In the color composite image, the Field of View is twice as big as the single band images. A smoothing filter has been applied to the maps and an arbitrary stretch to the images for display purposes. Arrows on the bottom right corner indicate the direction of the cluster center. The redshift of the galaxy is indicated on the top left corner.
be rendered in order to carry out a detailed comparison between theory and data is stupendous. However, given recent progress in hydrodynamical numerical simulations (e.g., Illustris, Vogelsberger et al. 2014) it seems that detailed comparisons between the kind of data derived here and simulated maps would be an interesting exercise and might provide a way forward.
Another important issue that we have not addressed in this paper is how the properties of galaxies depend on the detailed properties of their host clusters. As discussed by Treu et al. (2015) , GLASS includes a variety of clusters with different morphologies. The correlation between the properties of the Hα emitters and the hosting structure is the subject of Paper VIII, where we investigate trends with the clustercentric distance, the hot gas density as traced by the X-ray emission, the surface mass density as inferred from gravitational lens models and the galaxy local density, in order to investigate in detail the role of the cluster environment in shutting down star formation. F435W, F475W, F555W, F606W, and F625W filters, the green by the F775W, F814W, F850lp, F105W, F110W filters, and the red by the F125W, F140W, F160W filters. The central panel shows the Hα map superimposed on the image of the galaxy in the F140W filter and the right panel shows the Hα map superimposed on the image of the galaxy in the F475W filter. Contour levels represent the 35 th , 50 th , 65 th , 80 th , 95 th percentiles of the light distribution, respectively. Blue contours indicate that Hα maps are obtained from one spectrum, purple contours indicate that Hα maps are obtained from two orthogonal spectra, and green contours indicate that Hα maps are obtained combining both the G102 and G141 grisms (only for z > 0.67). In the color composite image, the Field of View is twice as big as the single band images. A smoothing filter has been applied to the maps and an arbitrary stretch to the images for display purposes. The redshift of the galaxy is indicated on the top left corner.
THE GLASS INSPECTION GUI FOR MORPHOLOGIES (GIGM)
As described in the main text the GLASS inspection GUI for morphologies (GiGm) was developed to visually inspect the broad-band continuum morphology from ancillary imaging of the cluster and field galaxies in both the Hα sample and the non-Hα sample. Similar to GiG and GiGz presented in the Appendix of Treu et al. (2015) , GiGm is a Python based software available for download at https://github.com/kasperschmidt/GLASSinspectionGUIs. GiGm is included in the most recent version of the self-contained script visualinspection.py that also contains GiG and GiGz. This means that an already functioning installation of GiG and GiGz is trivially extended to also include GiGm by updating visualinspection.py. In this appendix we describe the basics of GiGm, but a more detailed description can be found in the GiG_README available at https://github.com/kasperschmidt/GLASSinspectionGUIs.
GiGm is run on a separate data directory containing prepared png (and fits) images, Hα png (and fits) maps and versions of the png postage stamps with Hα contours over-layed. If the fits images are located these can be opened with DS9 from within GiGm. A general overview of the interface of GiGm is shown in Figure B1 . The top panel depicts the inspection of the broad-band continuum morphology of the objects in the Hα and non-Hα control sample. After completion of this inspection the GiGm interface will be added the Hα map and Hα contours on the broad band images for Hα emitters as shown in the bottom panel of Figure B1 . For non emitters GiGm will skip this step and simply advance to the next object in the data directory (or list of objects provided) when the broad-band morphological classification is completed. This ensures that the inspections of the broad-band morphology and the Hα morphology are truly independent. GiGm determines whether or not to enable the Hα inspection based on the files available, i.e., if an Hα map is present for the current object, the Hα classification will be enabled. The details of the options for the morphological and Hα inspections seen in Figure B1 are described in Section 3.6. To display the object information seen at the top of the GiGm windows in Figure B1 an information file is provide containing the object id, cluster name, redshift, magnitude, magnitude error, the name of the band the magnitude was measured in, and the environment (field or cluster) for each individual galaxy. The output of the visual inspections with GiGm is and ascii file where 1 indicates that a check-box was set and 0 marks a check-box which was not set. As noted in Section 3.6 we combined these outputs and adopted the most common classification for each object among the four independent inspections. In case of broad disagreement, the galaxies were re-inspected and discussed to reach agreement.
